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Abstract
Background: It remains to be determined whether the Alternate Healthy Eating Index 2010 (AHEI-2010) or the
Healthy Eating Index 2010 (HEI-2010) is preferably recommended as means to assess dietary quality in people with
type 2 diabetes (T2DM).
Methods: The purpose of this study was to determine whether the AHEI-2010 provides a more accurate assessment of
dietary quality than the HEI-2010 in relation to diabetes status, while controlling for health markers, sociodemographic
and lifestyle factors. The 2007–2010 National Health and Nutrition Examination Survey (NHANES) was used as a
representative sample of U.S. adults age 20+ years (n = 4097). HEI-2010 and the AHEI-2010 scores were used as
measures of dietary quality and were calculated using data from the first 24-h dietary recall. Health markers evaluated
include anthropometrics, blood pressure, lipid and inflammatory markers, and presence of co-morbid diseases. Least
Squares Means were computed to determine differences across diabetes status (nondiabetes, prediabetes, T2DM) for
total and sub-component HEI-2010 and AHEI-2010 scores, and to determine differences across total HEI-2010 and
AHEI-2010 quartiles for health markers. Covariate-adjusted logistic regression was used to examine the association
between total HEI-2010 and AHEI-2010 scores and diabetes status.
Results: Adults with T2DM showed higher HEI-2010 and AHEI-2010 scores compared to adults with prediabetes and
nondiabetes but did not have better health markers. For HEI-2010 component scores, adults with T2DM had highest
consumption (highest score) of total protein foods and lowest consumption (highest score) for empty calories (p < 0.01).
For AHEI-2010 component scores, adults with T2DM had the lowest consumption (highest score) for sugar-sweetened
beverages and fruit juice, sodium, and alcohol (lowest score). In addition, adults with T2DM had the highest
consumption (lowest score) for red and/or processed meats (p < 0.01). However, neither total HEI-2010 nor AHEI-2010
scores were significantly associated with diabetes status (p > 0.05). Results suggest that neither index was clearly
superior to the other in terms of its predictive ability in relation to T2DM.
Conclusion: Neither total HEI-2010 nor AHEI-2010 scores performed better in terms of their relationship with diabetes
status. However, the significant relationships between 1) diabetes status and health markers and 2) between HEI-2010
and AHEI-2010 scores and health markers suggest that diet has some influence on T2DM.
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Introduction
Type 2 diabetes mellitus (T2DM) is a serious clinical and
public health concern in the United States [1, 2]. T2DM
continues to be prevalent despite public health efforts to
develop effective policies and interventions. In 2012, it is
estimated that about 12.3% of U.S. adults age 20 years and
older had diagnosed or undiagnosed diabetes [3]. T2DM
is associated with an increased risk of serious complica-
tions including cardiovascular disease (CVD) and is a pri-
mary risk factor for coronary heart disease (CHD) [4]. It is
estimated that at least 68% of people aged 65 years or
older with T2DM die from CVD in the United States [5].
Moreover, a recent meta-analysis by Einarson and col-
leagues (2017) examined the prevalence of CVD among
adults (mean age 63.6 ± 6.9 years) with T2DM during the
time period between 2007 and 2017 in multiple countries,
including the United States [6]. Results indicate that about
32.2% of individuals with T2DM were affected by overall
CVD. CHD was found to be the most prevalent contribu-
tor of CVD mortality (about 21.2%) among individuals
with T2DM [6]. Moreover, an analysis of data from the
2009–2012 National Health and Examination Survey
(NHANES) found that about 37% of U.S. adults age 20
years and older (51% of those age 65 years or older) had
prediabetes. People with prediabetes had high fasting
plasma glucose (FPG) or hemoglobin A1c (HbA1c) levels,
but these blood values were not high enough yet for a
diagnosis of T2DM [3]. However, prediabetes increases
the risk of developing T2DM, heart disease, and stroke in
the future. Estimates from the Centers for Disease Control
and Prevention (CDC) suggest that about 15–30% of
people with prediabetes will develop T2DM within five
years [3]. Therefore, lifestyle interventions to improve diet
are an important strategy to prevent T2DM and other ad-
verse health outcomes, and optimize long-term health [7].
The Healthy Eating Index-2010 (HEI-2010) is a meas-
ure of diet quality in relation to the 2010 Dietary Guide-
lines for Americans (DGA 2010) [8]. The main objective
of DGA 2010 is to promote healthy eating in the general
population [9]. The HEI-2010 score captures key nutri-
ents and food groups that reflects current evidence on
the dietary components that are healthful [10]. Another
popular tool used to measure dietary quality is the Alter-
nate Healthy Eating Index-2010 (AHEI-2010), which is
based on evidence-based recommendations that incor-
porates additional components that focus on foods and
nutrients to predict the risk of chronic disease [11, 12].
The most recent U.S. dietary guidelines (DGA 2015)
have somewhat moved in the direction suggested by the
AHEI [9]. For instance, the HEI-2015 has included
added sugars and saturated fats as two separate compo-
nents instead of being combined into empty calories,
which is one of the components in HEI-2010 [13]. How-
ever, excessive calories from alcohol (part of empty
calories) has been removed in the HEI-2015 whereas the
AHEI-2010 includes alcohol as a separate component to
assess dietary quality. With the exception of these minor
changes, most of the HEI-2010 components are kept in
HEI-2015 [13]. The AHEI-2010 provides additional food
and nutrient components that are neither found in
HEI-2010 nor HEI-2015. Therefore, it is useful to utilize
the HEI and AHEI indices to examine their association
with health or disease outcomes, such as T2DM.
The HEI-2010 and AHEI-2010 are useful tools measure
adherence to dietary guidelines and evidence-based rec-
ommendations. The HEI-2010 and AHEI-2010 are similar
in some aspects. For example, both indices capture con-
sumption of fruits, vegetables, whole grains, and sodium.
However, the AHEI-2010 reflects a critique of the
HEI-2010 where it provides dietary recommendations that
better improve health risk factors, and it has shown to
more strongly predict chronic disease risk (i.e., T2DM)
and mortality [11, 12]. The AHEI-2010 incorporates dis-
tinct features from the HEI-2010. For example, the
AHEI-2010 pays more attention to fat quality (i.e., intakes
of omega-3 fats and polyunsaturated fats), promotes in-
take of nuts and legumes, and considers moderate alcohol
intake (Male: 0.5–2.0 drinks/day; Female: 0.5–1.5 drinks/
day) as beneficial to health regardless of disease status
(i.e., diabetes). In addition, the AHEI-2010 recommends
to limit intake of red and processed meats and avoid
added sugars (i.e., sugar-sweetened beverages and fruit
juice) [12]. Both HEI-2010 and AHEI-2010 complement
one another in terms of evaluating essential foods groups
and nutrients. Therefore, it is useful to utilize the
HEI-2010 and AHEI-2010 as tools to assess dietary quality
and examine their association with health markers and
diabetes status.
Several prospective studies have evaluated HEI-2010
and AHEI-2010 scores in relation to T2DM [11–18].
Results from a recent meta-analysis of 15 cohort studies,
with follow-up time ranging from 5 to ≥24 years, show
that diets of the highest quality (compared highest vs.
lowest quintile scores), as assessed by the HEI, AHEI, and
DASH, are associated with a significant risk reduction for
all-cause mortality, T2DM and other chronic diseases (i.e.,
cardiovascular disease, cancer) (P < 0.05) [18]. The
meta-analysis included seven reported studies (six in the
United States and one in Europe) on T2DM as the main
disease outcome, with age ranging from 30 to 79 years,
among individuals from different ethnic groups including
Caucasian (European), non-Hispanic White, African
American, Hispanic, and Asian. Of these studies, the main
result indicates that diets that score highly on the HEI,
AHEI, and DASH are associated with a significant reduc-
tion in the risk of T2DM (22%, P < 0.05) [18]. In these
studies, the HEI-2010 (and HEI-2005) has been evaluated
among individuals with chronic disease (including T2DM)
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with mixed results. Some studies have shown moderate
inverse associations and some showed no association with
regards to the HEI-2010 and T2DM risk [12, 17]. How-
ever, the AHEI-2010 (and AHEI-2005) has demonstrated
to be more strongly associated with chronic disease, in-
cluding T2DM [11, 12, 14, 15, 17]. McCullough and col-
leagues evaluated whether or not the AHEI-2005 would
predict risk reduction for chronic disease (including CVD,
cancer, or nontraumatic death) more effectively than the
HEI-2005 [11]. The study was conducted in the United
States among females aged 30–75 years enrolled in the
Nurses’ Health Study (NHS), and males aged 40–75 years
participated in the Health Professional’s Follow-up Study
(HPFS). The main result indicates that the AHEI-2005
was more effective in predicting chronic disease risk than
the HEI-2005. The overall risk reduction with the
AHEI-2005 (highest quintile compared to lowest quintile)
was lower among men and women, with 11 and 3%, re-
spectively [11]. In 2012, Chiuve and colleagues used the
NHS/HPFS datasets to assess the associations of the
HEI-2005 and the AHEI-2010 with major chronic dis-
eases, including T2DM [12]. The main result indicates
that the AHEI-2010 was more strongly associated with
T2DM risk than the HEI-2005. Although both indices
were significant, the association between HEI-2005 and
T2DM risk was attenuated after adjustment for con-
founders [12]. In 2015, Jacobs and colleagues compared
associations of the HEI-2010, AHEI-2010, DASH, and Al-
ternate Mediterranean Diet Score with T2DM risk [17].
The study was conducted in the United States among men
and women 45–75 years who participated in the Multieth-
nic Cohort Study. The main result indicates that the
AHEI-2010 was associated with a 12% risk reduction of
T2DM among white individuals. However, the HEI-2010
was not significantly associated with T2DM risk [17].
While there is growing evidence from prospective stud-
ies that high scores on the HEI or AHEI (corresponds to
healthy dietary pattern) are inversely associated risk reduc-
tion of chronic disease, it remains unclear on whether the
HEI-2010 or AHEI-2010 is preferable as a tool for dietary
assessment in people with T2DM. Therefore, an improved
understanding of the relationships between dietary pattern
and health outcomes will help identify the appropriate
tool to assess dietary quality for diabetes management and
subsequently, decrease the risk of CHD and other
diabetes-related complications.
In this study, the authors hypothesized that the
AHEI-2010 is more strongly associated with T2DM than
the HEI-2010 dietary pattern. To the authors’ know-
ledge, this was the first study that compared the
HEI-2010 and AHEI-2010 scores and their associations
with diabetes status in a representative sample of U.S.
adults. Moreover, there is limited understanding of the
differences of individuals’ dietary behavior at different
stages of disease development. For that reason, the au-
thors defined diabetes status into three categories: non-
diabetes, prediabetes, and diabetes (T2DM). The authors
were interested in looking at differences in dietary
quality, and how they are associated with the stages of
disease development. Furthermore, few studies have in-
vestigated the relationship between dietary pattern and
physiological health markers. A better understanding of
the biological basis of health markers (i.e., lipid profile)
in relation to diet may better explain the differences in
metabolism of individuals with and without chronic dis-
ease. In addition, this may provide an insight to develop
more effective treatments for diabetes.
The main objectives of this study were three-fold: 1)
To determine whether there were relationships between
two measures of dietary quality, the HEI-2010 and
AHEI-2010 and diabetes status (nondiabetes, prediabe-
tes, T2DM); 2) To examine the relationships between
the HEI-2010 and AHEI-2010 and health markers (in-
cluding biomarkers); 3) To determine the strength of the
relationships between the HEI-2010 and AHEI-2010
with diabetes status while controlling for health markers,
lifestyle and demographic factors. All analyses were
based on data from the 2007–2010 National Health and
Nutrition Examination Survey (NHANES).
Participants and methods
Survey design
The NHANES is an ongoing cross-sectional survey that
collects information on the health and nutritional status
of the U.S. population [19]. The sample is representative
of the civilian, non-institutionalized U.S. population
because the participants are selected using complex,
multistage, probability sampling design [20]. The CDC
website provides complete details of the NHANES in-
cluding study design, implementation, datasets, analytic
considerations, and other documentations such as con-
sent and operation manuals [19].
Study sample
The present study combined data from NHANES
2007–2008 and 2009–2010 to increase sample size. The
study sample (n = 4097) was limited to adults age ≥ 20
years who participated in both the health interview and
medical examination, self-reported as non-pregnant at
the examination, had complete and reliable 24-h diet re-
calls, a Body Mass Index (BMI) ≥ 18.5 kg/m2, and fasting
glucose measures during the morning examination ses-
sion. (Fig. 1). NHANES is in compliance with federal law
and follows stringent protocols and procedures that en-
sure confidentiality and protect participants’ identity
[21]. A formal institutional review board approval was not
required since this study was based on secondary analysis
and did not contain any personal identifiers [22].
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Exposure and outcome variables
Estimation of dietary quality
This study utilized the Healthy Eating Index-2010
(HEI-2010) and the Alternate Eating Index-2010
(AHEI-2010) as the main exposure variables to assess
dietary quality. The HEI-2010 and AHEI-2010 were cal-
culated using the dietary intake data available in
NHANES. Dietary intake information was obtained from
two 24-h dietary recall interviews. The first recall was
administered in-person at the Medical Examination Cen-
ter (MEC) by trained interviewers using USDA’s Auto-
mated Multiple-Pass Method (AMPM). The second
recall was administered via telephone interview, approxi-
mately 3 to 10 days after attending the MEC [23]. For
reasons of methodology, interpretation, and comparabil-
ity with other dietary surveys,1 this study used only data
from the in-person recall (day 1) to calculate the
HEI-2010 and AHEI-2010 scores. The use of the first
day recall is recommended for most statistical analyses
because the two dietary recalls cannot be considered as
independent of one another. Combining them would
underestimate the within-person variation and compli-
cate the interpretation of the results. Furthermore, the
use of two different methods to collect data (in-person
for the first vs. telephone for the second) could affect
participants’ responses and introduce bias. The varying
length of time between recalls (3 to 10 days) may also
introduce bias. Therefore, using the in-person (day 1) re-
call ensures consistency in dietary methodology and
yields estimates that are most comparable with other
dietary surveys. Additionally, this analysis was limited to
dietary recall data reported to be complete and reliable
by the National Center for Health Statistics staff [23].
Healthy Eating Index-2010 (HEI-2010) The HEI-2010
was developed by the United States Department of
Agriculture (USDA) Center for Nutrition Policy and
Promotion (CNPP) as a tool to measure compliance
with the 2010 Dietary Guidelines for Americans. In
addition, the HEI-2010 is used to monitor the quality of
Fig. 1 Study Sample using NHANES 2007–2010
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American diets and examine relationships between diet
and health-related outcomes [8]. The HEI-2010 is made
up of 12 components: 9 components assess dietary ad-
equacy (foods that people should consume more of ) and
3 components assess moderation (foods that people
should consume less of). For the moderation compo-
nents, higher scores are associated with lower levels of
consumption. The 9 adequacy components are: Total
Fruit, Whole Fruit (forms other than juice), Total Vege-
tables, Greens and Beans (dark-green vegetables and
beans and peas), Whole Grains, Dairy (all milk products
and soy beverages), Total Protein Foods, Seafood and
Plant Proteins, and Fatty Acids (ratio of poly- and
monounsaturated fat to saturated fat). The 3 moderation
components are: Refined Grains, Sodium, and Empty
Calories (all calories from solid fats & added sugars plus
calories from alcohol beyond a moderate level) [8].
Seven components were each scored on a 0 to 5 scale
and the five other components are each scored on a 0 to
10 scale, with intermediate values scored proportionally.
The component scores were summed to obtain total
HEI-2010 scores. Higher scores indicate a higher quality
diet. Scores above 80 indicate a “good” diet, while scores
below 51 indicate a “poor” diet. An HEI score between
51 and 80 is considered as “needing dietary improve-
ment” [8]. The Food Pattern Equivalents Database
(FPED) was used to construct and calculate the
HEI-2010 scores and the SAS code was downloaded
from the USDA CNPP website [24].
Alternate Healthy Eating Index-2010 (AHEI-2010)
The AHEI-2010 was developed by researchers at the
Harvard School of Public Health as an alternative meas-
ure of diet quality to identify future risk of diet-related
chronic disease [7, 25, 26]. The AHEI was originally de-
veloped on the basis of the Food Frequency Question-
naire (FFQ). However, previous studies have used 24-h
dietary recalls to compute the AHEI-2010 scores from
NHANES [7, 25, 26]. In general, the continuous
NHANES (since 1999) only collect 24-h recalls to assess
dietary intake. For that reason, this study applied the
methodology used Wang and colleagues (2014) to calcu-
late the AHEI-2010 scores since the 2007–2010
NHANES only contain 24-h recalls for measuring diet-
ary intake. The AHEI-2010 consists of 11 components:
six components for which higher intakes are better [veg-
etables, fruit, whole grains, nuts and legumes, long chain
omega-3 fatty acids (FA) that include docosahexaenoic
acid and eicosapentaenoic acid, and Polyunsaturated
Fatty Acids (PUFA)], one component for which moder-
ate intake is better (alcohol), and four components that
must be limited or avoided [sugar sweetened drinks and
fruit juice, red and processed meat, trans fats, and so-
dium]. Each component was scored on a 0 to 10 point
scale. The component scores were summed to obtain
the total AHEI-2010 score, which can range from 0
(non-adherence) to 110 (perfect adherence). Higher scores
represent healthier diets [10, 27]. However, this study con-
structed a modified AHEI-2010 score by excluding the
trans fat component because trans fat is unavailable in the
NHANES dietary files [24]. Therefore, the maximum total
AHEI-2010 score was rescaled from 110 points to 100
points (excluding trans fat) similar to the approach used
in a previous study [25, 26]. The NHANES individual
foods file was used to estimate servings of food to con-
struct the AHEI-2010 food groups. The USDA
food-coding scheme was used as a reference to categorize
each individual food (represented by food codes) into
groups [28]. In addition, this study used the supplemen-
tary table provided by Wang and colleagues (2014) to
identify the foods and beverages that correspond to each
AHEI food component (i.e., sugar-sweetened beverages,
nuts and legumes, red and/or processed meats) [7, 25, 26].
The NHANES total nutrients file was used to estimate the
intake of nutrients (i.e., PUFA, long-chain omega-3 fats,
sodium) as components of the AHEI. After creating the
AHEI food and nutrient components, a SAS code was
constructed to calculate the AHEI-2010 scores.
Diabetes status
T2DM status was the main outcome variable. The defin-
ition of T2DM was on the calculation of diagnosed and
undiagnosed diabetes. Adults with diagnosed diabetes
were defined as those who answered “yes” to the question:
“Other than during pregnancy, have you ever been told by
a doctor or other health professional that you have dia-
betes or sugar diabetes?” or who reported taking diabetes
medication (i.e., Metformin) during the interview. Adults
with undiagnosed diabetes were defined as individuals
with a fasting plasma glucose (FPG) ≥ 126mg/dL, or
HbA1c ≥ 6.5% who did not report a previous diabetes
diagnosis during the interview. The sum of individuals
with diagnosed and undiagnosed diabetes was computed
to obtain the total number of adults with T2DM. Individ-
uals diagnosed with diabetes prior to age 30 and continu-
ous users of insulin were excluded to minimize the
number of respondents with type 1 diabetes (T1DM) [29,
30]. Adults with prediabetes were defined as those with
FPG of 100–125mg/dL, HbA1c 5.7–6.4%, or an answer of
“yes” to the question “Have you ever been told by a doctor
or other health professional that you have prediabetes?” or
an answer of “borderline” to the question “Other than
during pregnancy, have you ever been told by a doctor or
other health professional that you have diabetes or
sugar diabetes?” Participants who did not meet the def-
inition for T2DM or pre-diabetes (FPG < 100 mg/dL
and HbA1c < 5.7%) were categorized as nondiabetes [31].
Al-Ibrahim and Jackson Nutrition Journal           (2019) 18:26 Page 5 of 18
Demographic and health characteristics
Demographic and health information were obtained from
the household interview component of NHANES.
Self-reported sociodemographic characteristics are ex-
plored as potential covariates. These included age, sex, eth-
nicity, education level, marital status, poverty-to-income
ratio, adult food security category and health insurance
coverage. Additional health and lifestyle factors that were
considered to potentially influence diabetes included smok-
ing status, physical activity, and self-reported health.
Health markers
Several health markers were evaluated in the analysis.
These include Body Mass Index (BMI), Waist Circumfer-
ence (WC), triglycerides (TG), total cholesterol, low-dens-
ity lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), TG/HDL-C ratio,
C-reactive protein (CRP), insulin, systolic and diastolic
blood pressures, and presence of comorbidities (comorbid-
ity score). Measurements of height, weight, WC, and blood
pressure (systolic and diastolic) were obtained in the MEC
according to the NHANES protocols [32]. BMI is calcu-
lated as body weight (in kilograms) divided by height (in
meters) squared [33]. Data on physiological markers was
obtained from laboratory testing of participants who
attended the MEC; participants were randomly assigned to
morning or afternoon sessions [34]. Venous blood was
drawn to obtain lipid profile, CRP, insulin, and plasma glu-
cose from fasting and non-fasting participants. Morning
session participants had to fast for ≥8.5 h and were tested
for LDL-C, triglycerides, insulin, and blood glucose. After-
noon session participants did not fast, and were tested only
for total cholesterol and HDL-C. Therefore, not all partici-
pants have values for all laboratory tests [34]. This study
limited the analysis to participants who provided fasting
measures (i.e., serum LDL-C, insulin, and plasma glucose)
by applying the nonzero fasting subsample weights [34,
35]. Blood pressure testing was also performed at the
MEC. The majority of participants had at least three con-
secutive readings each for systolic and diastolic blood pres-
sures. The fourth reading was taken in case the previous
blood pressure measurement is interrupted or incomplete
[36]. Therefore, this study only used the first three readings
to calculate the average blood pressure (systolic and dia-
stolic). The fourth reading was not included because it had
a large number of missing values. Presence of comorbidi-
ties was evaluated using the medical conditions question-
naire. A comorbidity score (range: 0–15) was computed
based on the sum of self-reported physician-diagnosed co-
morbidities that tend to co-occur with T2DM [31, 37, 38].
These comorbidities included overweight, high blood pres-
sure, high cholesterol, heart attack, coronary heart disease,
congestive heart failure, angina, stroke, thyroid problems,
liver conditions, asthma, arthritis, chronic bronchitis, em-
physema, and cancer/malignancy [37, 38].
Statistical analysis
Data were analyzed using SAS 9.3 (SAS Institute Inc.,
Cary, NC) and STATA 14.1 (StataCorp, College Station,
TX) to adjust the variances for the complex sample de-
sign of NHANES. To account for the complex multi-
stage design, the 4-year fasting sample weight was used
throughout the analysis in order to include participants
who are already diagnosed with diabetes and taking in-
sulin or oral medications. The fasting subsample weights
(WTSAF2YR) for both cycles were used to construct a
4-year fasting weight as suggested in the NHANES ana-
lytic guidelines [35].
SAS (release 9.3) was the primary tool used in data
preparation, cleaning, and analysis. The design-adjusted
Rao-Scott chi-square test (PROC SURVEYFREQ) was
used to compare participants’ sociodemographic charac-
teristics by diabetes status. Linear regression (PROC
SURVEYREG) was used to determine differences in total
and sub-component HEI-2010 and AHEI-2010 scores
across diabetes status (nondiabetes, prediabetes, dia-
betes) by calculating the Least-square means (LSMs).
Least-square means (and the standard errors of the
LSMs) were also calculated to determine differences in
health markers across diabetes status and quartiles of
total HEI-2010 and AHEI-2010 scores. For ease of pres-
entation of the data, non-transformed LSMs were pre-
sented with p-values associated with transformed
analyses. The covariates used for the LSMs were sex,
ethnicity, age, poverty-to-income ratio, physical activity,
and energy intake. Bonferroni correction for multiple
comparisons (0.05/number of variables) was applied to
obtain the effective p-values for the models. Binary logis-
tic regression (PROC SURVEYLOGISTIC) was used to
obtain predicted probabilities, which were then used to
create a classification table showing the percentage of in-
dividuals correctly classified as to diabetes status based
on each model specification. A cut-off of 0.5 was used to
determine the predicted probability of T2DM. A pre-
dicted probability of 0.5 or greater indicated having
T2DM and less than 0.5 indicated not having T2DM.
Several models were developed using various predictors
(including dietary quality, sociodemographics, health
markers and lifestyle behaviors) with different specifica-
tions of diabetes status being categorized as a dichotom-
ous outcome variable. Prediabetes is a risk factor for
T2DM. Many people with prediabetes will eventually de-
velop T2DM if interventions are not started early.
Therefore, T2DM status was dichotomized by collapsing
prediabetes with diabetes as the event and nondiabetes
as the nonevent to determine whether or not the disease
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has occurred. All analyses had statistical significance set
at p < 0.05.
STATA (release 14.1) software was used to perform
multinomial logistic regression (svy: mlogit) to examine
the association between dietary quality (using total
HEI-2010 and AHEI-2010 scores) and diabetes status.
T2DM status was used as a nominal outcome variable
with three levels: nondiabetes, prediabetes, and diabetes.
This categorization of T2DM status was specified in
order to observe differences in the association of the
HEI-2010 and AHEI-2010 scores among these sub-
groups. Separate models were specified for total
HEI-2010 and AHEI-2010 scores after adjusting for
sociodemographics, health markers, and lifestyle behav-
iors. The STATA command (mlogitgof ) was executed
after fitting the models to assess the goodness-of-fit for
multinomial logit modeling [39].
Multivariate models
This study attempted to produce a model to explain the
relationship between dietary quality (using total HEI-2010
and AHEI-2010 scores) and diabetes status including co-
variates on a theoretical basis rather than primarily relying
on statistical significance. The covariates were selected
based on previous studies of the association between diet-
ary quality and T2DM. Covariates such as age, sex, ethni-
city, smoking status, physical activity, WC, and energy
intake appear consistently in regression models of previ-
ous studies [12, 14–16]. For that reason, predictors such
as smoking status and physical activity were included in
the models regardless of their statistical significance. Add-
itional covariates such as self-reported health,
poverty-to-income ratio, and presence of comorbidities
were included since they had significant or marginally sig-
nificant relationships with the probability of having dia-
betes (and prediabetes). Energy intake was included as a
covariate for the AHEI-2010 because it is based on abso-
lute amount of intake whereas the HEI-2010 already ad-
justs for energy intake using the density-based approach
(amounts consumed per 1000 cal). In addition, several
interaction terms were tested: these included WC× total
HEI-2010 score, WC× total AHEI-2010 score, age × phys-
ical activity, physical activity × total HEI-2010 score, and
physical activity × total AHEI-2010 score. These two-way
interaction terms were not statistically significant and
therefore were dropped from the models.
Classification of diabetes status using predicted probabilities
The next step was to specify models that represented
different types of factors (including total and
sub-component HEI-2010 and AHEI-2010 scores, socio-
demographics, health markers, and health behaviors)
and examine how well each model performed in cor-
rectly classifying participants by diabetes status. Sixteen
binary logistic regression models were constructed to
produce the predicted probabilities. For instance, as part
of the model specification, this study sought to assess
the predictive power of sociodemographics, health
markers, and dietary quality individually and together
(using HEI-210 and AHEI-2010 scores) by determining
the percentage of the sample correctly classified as to dia-
betes status based on each of these factors. By identifying
the contribution of these factors, this would provide a
better guide to improve clinical practice in terms of
prevention, treatment, and management of diabetes. Also,
this study explored the predictive ability of the total and
sub-component scores HEI-2010 and AHEI-2010 score in
correctly classifying diabetes status. Only the
sub-component scores for the HEI-2010 and AHEI-2010
that were significant in the bivariate analysis were in-
cluded in the multivariate models (p < 0.05). For the
HEI-2010, the sub-components included were total pro-
tein foods, refined grains, sodium, and empty calories. For
the AHEI-2010, the sub-components included were
sugar-sweetened beverages and fruit juice, red and/or
processed meat, alcohol, and sodium. Knowing the pre-
dictive ability of these sub-components would provide
more targeted dietary interventions for treating diabetes.
One of the major differences between the HEI-2010 and
AHEI-2010 is the treatment of alcohol consumption. The
HEI-2010 counts alcohol intake as part of empty calories
(threshold exceeds moderate level more than 13 g/1000
kcal). However, the AHEI-2010 counts alcohol intake as a
separate category where moderate drinking is a part of a
healthful dietary pattern. The AHEI-2010 scoring method-
ology as reported by Wang et al. (2014) is non-linear and
assigns higher scores to moderate alcohol drinkers than to
nondrinkers [7]. Moderate alcohol drinkers (Male: 0.5–2.0
drinks/day; Female: 0.5–1.5 drinks/day) received the max-
imum score of 10 points, while nondrinkers received 2.5
points. This method of scoring severely penalizes non-
drinkers. Therefore, this study explored two alternative
approaches to scoring nondrinkers: 1) a deduction of 2.5
points from the maximum instead of 7.5; or 2) no penalty.
Nondrinkers received the maximum score of 10 points,
and scores declined as alcohol consumption increased.
Each of these approaches was used to create modified
AHEI-2010 scores. These modified alcohol scores were
used in the multivariate analysis to determine whether
there was a difference in their predictive ability compared
to the original scoring of alcohol (score of 2.5 points for
nondrinkers).
Results
Characteristics of the participants by diabetes status
Table 1 shows that the majority of sociodemographic
characteristics were significantly associated with diabetes
Al-Ibrahim and Jackson Nutrition Journal           (2019) 18:26 Page 7 of 18
Table 1 Sociodemographic Characteristics of U.S. adults (Age ≥ 20 years) by Diabetes Status
Characteristic (n) aDiabetes Status p trend
Nondiabetes (n = 1436) Prediabetes (n = 1905) Diabetes (n = 715)
4056 n % n % n %
Age <.0001
20–39 731 53.2 448 26.7 34 5.1
40–59 459 34.9 704 43.3 219 38.2
60–79 199 9.9 614 24.9 388 46.5
80+ 47 1.9 139 5.1 74 10.1
Sex 4056 <.0001
Male 554 40.4 997 54.6 375 52.9
Female 882 59.6 908 45.4 340 47.1
Race/Ethnicity 4056 0.0049
Mexican American 255 7.8 338 8.0 136 8.2
Non-Hispanic White 720 71.2 978 72.0 309 65.1
Non-Hispanic Black 221 9.5 310 10.3 163 15.7
Other 240 11.4 279 9.7 107 10.9
Education Level 4050 <.0001
Less than high school 302 12.9 536 19.1 263 25.1
High School diploma 311 20.2 459 25.1 188 29.1
Some College education 428 30.7 501 27.6 172 26.8
College Graduate or Above 395 36.1 405 28.2 90 18.9
Marital Status 4055 <.0001
Current Married 832 62.0 1217 68.1 439 65.2
Former Married 253 13.4 462 19.3 218 26.9
Never Married 351 24.6 226 12.5 57 7.9
Smoking Status 4056 <.0001
Nonsmoker 876 60.6 1008 52.9 353 49.5
Current smoker 282 18.9 375 19.2 108 13.5
Former smoker 278 20.4 522 27.9 254 36.9
bPhysical Activity 4056 <.0001
None 654 38.6 1020 47.2 489 63.9
Insufficient 230 17.2 293 18.0 94 15.5
Sufficient 552 44.1 592 34.8 132 20.6
Poverty-to-Income Ratio 4056 <.0001
< 1.30 494 23.0 705 25.7 259 25.2
1.30–3.49 498 32.9 649 33.8 300 43.6
≥ 3.50 444 44.1 551 40.5 156 31.2
Self-Reported Health 4055 <.0001
Excellent 280 23.3 224 14.1 32 6.0
Very Good 457 37.4 535 31.9 97 15.6
Good 481 29.2 719 37.1 242 36.9
Fair 184 8.8 351 13.9 262 32.3
Poor 34 1.4 75 3.0 82 9.2
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status (p < 0.01), with the exception of food security (p >
0.05). Individuals with prediabetes and diabetes were
older, were more likely to be male, and reported them-
selves as currently married (p < 0.01). T2DM was
strongly associated with educational level and other
sociodemographics. The majority of diabetics reported
having high school diploma (about 29.1%) and some col-
lege education (about 26.8%). Individuals with lower
educational attainment were more likely to be diabetic
than nondiabetic (i.e., about 25.1% vs. 12.9% with less
than high school, respectively). Among ethnic minority
groups, non-Hispanic blacks were more likely to have
diabetes (about 15.7%). Nonsmokers were more likely to
have diabetes than current and former smokers (about
49.5% vs. 13.5% vs. 36.9%, respectively). For self-reported
health, individuals who rated their health as “good”
(about 36.9%) or “fair” (about 32.3%) were more likely to
have diabetes. Similarly, prediabetes was strongly associ-
ated with sociodemographics. Individuals with higher
educational attainment were more likely to have predia-
betes than diabetes (i.e., 28.2% vs. 18.9% with college
graduate or above education, respectively). Among eth-
nic minority groups, non-Hispanic blacks were more
likely to have diabetes (about 10.3%). Individuals with
poverty-to-income ratio above 3.50 were more likely to
have prediabetes (about 40.5%). Former smokers were
more likely to have prediabetes than current smokers
(about 27.9% vs. 19.2%, respectively). For self-reported
health, individuals who rated their health as “very good”
(about 31.9%) or “good” (about 37.1%) were more likely to
have prediabetes. The majority of participants (including
nondiabetics) in the sample did not engage in any physical
activity. About 63.9% of adults with diabetes and 47.2% of
adults with prediabetes were not physically active.
HEI-2010 total and components scores by diabetes status
Table 2 shows the HEI-2010 components and total scores
by diabetes status. The total HEI-2010 score was highest
for individuals with diabetes (mean score = 48.8 ± 0.6).
However, these differences across diabetes status were not
statistically significant (p > 0.05). Interestingly, there were
significant differences in some of the component scores
across diabetes status including total protein foods, refined
grains, sodium, and empty calories (p < 0.01). For the ad-
equacy components, adults with diabetes had the highest
score (corresponding to highest intake) for total protein
foods (mean score = 4.4 ± 0.06) compared to adults with
prediabetes and nondiabetes. For the moderation compo-
nents, adults with diabetes had the highest score (corre-
sponding to lowest intake) for empty calories (mean score
= 12.5 ± 0.3) compared to adults with prediabetes and
nondiabetes. However, adults with prediabetes had the
highest score for refined grains (mean score = 6.3 ± 0.1)
and for sodium (mean score = 4.4 ± 0.07) compared to
adults with prediabetes and nondiabetes (p < 0.01).
AHEI-2010 total and components scores by diabetes status
Table 3 shows the AHEI-2010 components and total scores
by diabetes status. The total AHEI-2010 score was highest
for adults with diabetes (mean score = 39.1 ± 0.7). However,
these differences across diabetes status were not statisti-
cally significant (p > 0.05). Interestingly, there were signifi-
cant differences in some of the component scores across
diabetes status including sugar-sweetened beverages and
fruit juice, red and/or processed meats, alcohol, and so-
dium (p < 0.01). Adults with diabetes had the highest score
(corresponding to lowest intake) for sugar-sweetened bev-
erages and fruit juice (mean score = 3.3 ± 0.2) and sodium
(mean score = 6.1 ± 0.2) compared to adults with
Table 1 Sociodemographic Characteristics of U.S. adults (Age ≥ 20 years) by Diabetes Status (Continued)
Characteristic (n) aDiabetes Status p trend
Nondiabetes (n = 1436) Prediabetes (n = 1905) Diabetes (n = 715)
4056 n % n % n %
Covered by Health Insurance 4052 0.0031
Yes 1039 80.1 1455 82.1 604 88.1
No 396 19.9 447 17.9 111 11.9
Adult Food Security Category 4024 0.2948
Full 1045 82.3 1375 79.8 544 83.8
Marginal 162 7.5 189 7.9 64 6.5
Low 129 6.5 202 7.6 60 5.9
Very Low 86 3.7 123 4.7 45 3.8
Values are column percents n (%) for categorical variables by diabetes status. Statistical differences were assessed using design-based Rao-Scott F adjusted Χ2 statistic
Bolded values are significantly different p < 0.01
aDiabetes status was defined from self-report of participants in the diabetes questionnaire and from the laboratory biomarkers using the cut-offs based on the
2014 Standards of Medical Care from the American Diabetes Association (ADA) for diabetes diagnosis
bPhysical Activity guidelines were defined for participants meeting (≥150 min/week of moderate-to-vigorous physical activity [MVPA]) or not meeting MVPA based
on the 2008 Physical Activity Guidelines for Americans
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prediabetes and nondiabetes. In addition, adults with dia-
betes had the lowest score (corresponding to highest intake)
for red and/or processed meat (mean score = 5.9 ± 0.2).
Adults with diabetes had the lowest score (corresponding
to lowest intake) for alcohol (mean score = 2.8 ± 0.07) com-
pared to prediabetics and nondiabetics.
Health markers and HEI-2010 and AHEI-2010 scores
There was a significant linear trend between the
quartiles of total HEI-2010 and AHEI-2010 scores
and health markers (Tables 4 and 5). With increasing
HEI-2010 and AHEI-2010 scores, there was a signifi-
cant linear decrease in BMI, WC, triglycerides, TG/
HDL cholesterol ratio, and presence of comorbidities
(p < 0.01). Also, there was a significant linear in-
crease in HDL cholesterol across quartiles of
HEI-2010 and AHEI-2010 scores (p < 0.01) (Tables 4
and 5). In addition, the mean concentration of LDL choles-
terol and mean systolic blood pressure significantly de-
creased with increased total AHEI-2010 score (p = 0.0406
and p = 0.0109, respectively) (Table 5).
Health markers and diabetes status
Table 6 shows the covariate-adjusted health markers of par-
ticipants by diabetes status. The majority of health markers
were significantly associated with diabetes status after
adjusting for age, sex, ethnicity, smoking status,
poverty-to-income ratio, physical activity level, and energy
intake (p < 0.001). Compared with prediabetes and
nondiabetes, adults with diabetes had significantly higher
mean BMI, WC, triglycerides, TG/HDL cholesterol ratio,
insulin, mean systolic blood pressure, and total
co-morbidities (p < 0.001). However, adults with prediabetes
had significantly higher mean total cholesterol and LDL
cholesterol (p < 0.001) compared to adults with nondiabetes
(and diabetes). There were no significant differences in
C-reactive protein across diabetes status groups (P > 0.05).
Association between HEI-2010 and AHEI-2010 scores and
diabetes status
Results from the multinomial logistic models show that
the odds ratios for total HEI-2010 and AHEI-2010
scores is equal to 1, which means that they have no pre-
dictive value for diabetes status. Contrary to the study










LSM ± SE LSM ± SE LSM ± SE
Adequacy
Total fruit 0 ≥0.8 cups/1000 kcal 5 2.1 ± 0.07 2.2 ± 0.08 2.2 ± 0.1 0.6460
Whole fruit 0 ≥0.4 cups/1000 kcal 5 0.7 ± 0.04 0.8 ± 0.07 0.8 ± 0.08 0.0554
Total vegetables 0 ≥1.1 cups/1000 kcal 5 2.9 ± 0.07 3.0 ± 0.04 3.2 ± 0.07 0.1362
Greens and beans 0 ≥0.2 cups/1000 kcal 5 1.3 ± 0.06 1.2 ± 0.07 1.3 ± 0.1 0.5413
Whole grains 0 ≥1.5 oz./1000 10 2.5 ± 0.1 2.2 ± 0.1 2.7 ± 0.1 0.0693
Dairy 0 ≥1.3 cups/1000 kcal 10 5.4 ± 0.1 5.1 ± 0.09 5.1 ± 0.2 0.1506




10 4.9 ± 0.1 4.9 ± 0.1 5.1 ± 0.2 0.6415
Total protein foods 0 ≥2.5 oz./1000 kcal 5 4.2 ± 0.04 4.2 ± 0.04 4.4 ± 0.06 0.0008
Seafood and Plant proteins 0 ≥0.8 oz./1000 kcal 5 2.2 ± 0.1 2.0 ± 0.08 1.9 ± 0.1 0.1646
Moderation
Refined grains ≥ 4.3 oz./1000 kcal ≤ 1.8 oz./1000 kcal 10 5.9 ± 0.1 6.3 ± 0.1 5.9 ± 0.2 0.0122
Sodium ≥ 2.0 g/1000 kcal ≤ 1.1 g/1000 kcal 10 4.2 ± 0.08 4.4 ± 0.07 3.5 ± 0.2 0.0006
bEmpty calories ≥ 50% of energy ≤ 19% of energy 20 11.1 ± 0.3 10.4 ± 0.3 12.5 ± 0.3 0.0002
Total HEI-2010 score 100 47.5 ± 0.6 46.8 ± 0.7 48.8 ± 0.6 0.1110
Values are least square means ± standard error of the mean (SE)
All scoring criteria were calculated per 1000 kcal/d, except empty calories, which are calculated as % total energy. For adequacy components, higher intake of
food/nutrient groups result in higher scores. For moderation components, lower intake of food/nutrient groups result in higher scores
Abbreviations: HEI-2010 Healthy Eating Index 2010, LSM least square means, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid, SFA saturated
fatty acid
aBonferroni correction (< 0.05/12 HEI-2010 components), P < 0.004
bEmpty Calories from solid fats, alcohol, and added sugars; threshold for counting alcohol is more than 13 g/1000 kcal
Bold data indicate statistically different p < 0.05
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hypothesis, the models suggest that the AHEI-2010 does
not seem to perform better than the HEI-2010 in terms
of its association with T2DM (Additional file 1). Table 7
shows the classification of diabetes status using predicted
probabilities. Results show that the model with only socio-
demographic characteristics (Model 1) classified the lar-
gest percentage of the sample correctly with respect to
diabetes status (about 65.1% correct classification) and
lower percentages of false positive (about 24.2%) and false
negative (about 10.7%). The model with only the health
markers (Model 2) also classified the majority of respon-
dents correctly (about 63.3% correct classification). How-
ever, the models with only the HEI-2010 and AHEI-2010
scores (total and sub-components) only classified about
52% of the sample correctly (Model 5, 6, 7, 11, 12, and
13). This means that dietary quality alone (using both total
and sub-component HEI-2010 and AHEI-2010 scores) is
not a good predictor of diabetes status. Interestingly, the
model with dietary quality and other health behaviors
(i.e., smoking status, and physical activity) increased pre-
dictive ability slightly, with about 54% of the sample cor-
rectly classified diabetes (Model 3 and 4). The AHEI-2010
score did not perform any better than the HEI-2010 score
in terms of predicting or explaining diabetes.
Discussion
The results of present study were not consistent with
the results of earlier cross-sectional studies that com-
pared the HEI and AHEI scores in relation to T2DM.
The main result of this study was that the AHEI-2010
did not to perform better than the HEI-2010 in terms of
its relationship with diabetes status. This was in contrast
with the results of a cross-sectional study by Huffman
and colleagues that examined the relationship between
the HEI-2005 and the AHEI-2005 scores and 10-year
predicted CHD risk in Cuban Americans with and with-
out T2DM [40]. The authors performed hierarchical lin-
ear regression models and used diabetes status as one of
the covariates to predict CHD risk. They found that for
every unit increase in the AHEI-2005 score, there was a
0.24-point reduction in the 10-year CHD risk score
among participants with T2DM. However, they did not
find a significant association between HEI-2005 score
and CHD risk among participants without T2DM [40].










LSM ± SE LSM ± SE LSM ± SE
Whole fruit 0 ≥4 servings/d 10 2.8 ± 0.1 3.0 ± 0.1 2.9 ± 0.2 0.6109
Total vegetables 0 ≥2.5 cups/d 10 2.6 ± 0.1 2.8 ± 0.1 2.9 ± 0.2 0.2947
Whole grains 0 Women: 75 g/d
Men: 90 g/d
10 2.9 ± 0.1 2.9 ± 0.2 3.3 ± 0.2 0.3386
Sugar-sweetened Beverages
and fruit juice
≥8 oz./d 0 10 2.4 ± 0.2 2.5 ± 0.1 3.3 ± 0.2 0.0011
Nuts and legumes 0 ≥1 oz./d 10 2.5 ± 0.2 2.4 ± 0.1 2.4 ± 0.2 0.8478
Red and/or Processed
Meats
≥1.5 servings/d 0 10 6.5 ± 0.2 6.0 ± 0.1 5.9 ± 0.2 0.0 318
Long-chain (ω-3) fats (EPA + DHA) 0 250mg/d 10 2.6 ± 0.1 2.8 ± 0.1 2.3 ± 0.2 0.0937
PUFAs ≤2% of energy ≥10% of energy 10 6.9 ± 0.05 6.9 ± 0.05 7.2 ± 0.1 0.0772




10 3.4 ± 0.09 3.3 ± 0.08 2.8 ± 0.07 <.0001
cSodium Highest Decile Lowest Decile 10 5.2 ± 0.1 5.6 ± 0.1 6.1 ± 0.2 0.0017
Total AHEI-2010 score 100 37.9 ± 0.7 38.3 ± 0.5 39.1 ± 0.7 0.4299
Values are least square means ± standard error of the mean (SE)
All scoring criteria were calculated based on actual intake of participants rather than absolute standards. Trans fat component was omitted from the AHEI-2010
scoring because it is unavailable in the NHANES dietary files. For sugar-sweetened beverages and fruit juices, red and/or processed meat, and sodium, a higher
score corresponds to lower intake
Abbreviations: AHEI-2010 Alternate Healthy Eating Index-2010, LSM least square means, DHA docosahexaenoic acid, EPA eicosapentaenoic acid, PUFA polyunsaturated
fatty acid
aBonferroni correction (< 0.05/11 AHEI-2010 components), P < 0.005
bAlcoholic drinkers were assigned the highest score to moderate, and lowest score to heavy consumers. Nondrinkers received a score of 2.5
cConsumption was based on the actual intake distribution of participants in the sample. The fasting subsample weight was used to obtain representative
percentiles for sodium intake in the sample
Bold data indicate statistically different p < 0.05
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Another similar study by Huffman and colleagues
assessed the relationships of the HEI-2005 and
AHEI-2005 among Haitian Americans (HA) and African
Americans (AA) with and without T2DM [41]. They
found that the HEI-2005 score was significantly higher
among individuals with diabetes (T2DM) compared to
nondiabetes after controlling for age, gender, ethnicity,
and education. However, the difference in AHEI-2005
scores among individuals with diabetes and nondiabetes
was not significant [41].
There are several possible ways to interpret the apparent
inconsistencies between the results of these earlier
cross-sectional studies and the present study. First, this
study used total the HEI and AHEI scores based on the
2010 dietary guidelines and evidence-based recommenda-
tions rather than the 2005 guidelines. Second, this study
and the earlier studies focused on different outcomes. This
study used logistic regression to examine diabetes status as
the dependent variable and the HEI-2010 and AHEI-2010
scores as the independent variables. Third, this study used
differences in the HEI-2010 and AHEI-2010 by diabetes
status and did not further assess the health risks of individ-
uals with diabetes (T2DM). The AHEI-2010 is based on
current knowledge of dietary factors that mainly contribute
to CVD (i.e., myocardial infarction, angina, stroke, transi-
ent ischemic attack, and revascularization) [11, 12]. T2DM
is associated with increased risk of CVD and is an inde-
pendent risk factor for CHD [4, 40]. This may indicate that
the AHEI-2010 would be more applicable among diabetic
individuals with pre-existing CVD conditions.
Some prospective studies have found significant in-
verse associations between the HEI-2010 and
AHEI-2010 scores and risk of T2DM [11, 14–17]. The
association was found to be stronger for the AHEI-2010
than for the HEI-2010 in relation to T2DM. These stud-
ies found that greater adherence to the AHEI-2010 diet-
ary pattern was associated with 23–36% risk reduction
in T2DM [14, 17]. However, the present study did not
confirm earlier findings of significant association of the
HEI-2010 nor the AHEI-2010 in relation to T2DM. A
possible reason could be differences in how diet was
assessed (i.e., 24-h recall vs. FFQ) to calculate the
HEI-2010 and AHEI-2010 scores. This study used a sin-
gle 24-h dietary recall to calculate the HEI-2010 and
AHEI-2010 scores. Therefore, measuring dietary quality
based on one or even two days of intake may not serve
as a good predictor of chronic disease (i.e., diabetes) that
takes years to develop. However, assessing dietary quality
based on habitual or usual intake may serve as a better
predictor. It might be possible to find a significant rela-
tionship with diabetes status if the HEI-2010 and
AHEI-2010 scores were calculated based on the FFQ
Table 4 Association between total HEI-2010 score and Health Markers in U.S. adults (Age ≥ 20, N = 4097)
Health Markers (n) HEI-2010 Quartiles p trend
Quartile 1 (n = 982) Quartile 2 (n = 1066) Quartile 3 (n = 1014) Quartile 4 (n = 1035)
LSM ± SE LSM ± SE LSM ± SE LSM ± SE
aBMI (kg/m2) 4097 29.5 ± 0.3 29.5 ± 0.3 28.9 ± 0.2 28.3 ± 0.3 0.0041*
aWC (cm) 4019 101.1 ± 0.5 100.5 ± 0.6 99.3 ± 0.5 97.9 ± 0.6 0.0014*
aTotal cholesterol (mg/dl) 4070 201.0 ± 2.1 196.1 ± 1.6 194.7 ± 1.2 196.6 ± 1.5 0.0875*
bHDL cholesterol (mg/dl) 4070 51.7 ± 0.7 53.8 ± 0.6 52.4 ± 0.6 54.9 ± 0.5 0.0014*
aLDL cholesterol (mg/dl) 3990 120.7 ± 1.7 116.9 ± 1.5 115.5 ± 0.9 115.4 ± 1.2 0.0987
aTG (mg/dl) 4066 150.7 ± 4.9 130.2 ± 3.5 134.8 ± 4.3 129.5 ± 3.1 0.0001*
aTG / HDL cholesterol Ratio 4066 3.6 ± 0.2 2.9 ± 0.1 3.1 ± 0.2 2.9 ± 0.1 0.0002*
cCRP (mg/dl) 4086 0.5 ± 0.03 0.4 ± 0.02 0.4 ± 0.02 0.4 ± 0.03 0.1221*
cInsulin (uU/mL) 3958 13.8 ± 0.5 13.5 ± 0.4 13.5 ± 0.4 12.6 ± 0.3 0.2315*
cMean SBP (mm Hg) 3928 122.6 ± 0.5 122.2 ± 0.5 122.4 ± 0.6 120.9 ± 0.6 0.1905
cMean DBP (mm Hg) 3928 68.2 ± 0.5 69.0 ± 0.5 68.3 ± 0.5 69.0 ± 0.6 0.4356
aComorbidity Score 4097 2.2 ± 0.1 2.1 ± 0.05 2.0 ± 0.06 1.9 ± 0.07 0.0167
Values are least square means ± standard error of the mean (SE). Bonferroni correction (< 0.05/12 health markers), P < 0.004
Adjusted for age, sex, ethnicity, smoking status, PIR, physical activity, and energy intake
Highest total HEI-2010 score was compared to the lowest total HEI-2010 (quartile 4 vs. quartile 1) to represent dietary quality. Mean blood pressure (systolic and
diastolic) was calculated based on the average of the first three systolic BP readings of the participants while being examined at the MEC. The fourth reading was
not included because of missing values. Co-morbidity score was calculated as the sum of self-reported presence of physician-diagnosed comorbidities that tend
to co-occur with type 2 diabetes
Abbreviations: HEI-2010 Healthy Eating Index 2010, LSM Least-Square Means, BMI Body Mass Index, WC Waist Circumference, TC Total Cholesterol, HDL-C High
density Lipoprotein Cholesterol, LDL-C Low density Lipoprotein Cholesterol, TG Triglycerides, CRP C-reactive protein
bAdjusted for age, sex, ethnicity, smoking status, Poverty-to-Income Ratio, physical activity, energy intake, and BMI
cAdjusted for age, sex, ethnicity, smoking status, Poverty-to-Income Ratio, physical activity, energy intake, BMI and WC
*Nontransformed LSMs were presented with p-values associated with the variables after log-transformation for normality. Health markers that were log-transformed
include BMI, WC, TC, HDL-C, TG, CRP, and Insulin. Bolded values are significantly different p < 0.01
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since it is designed to evaluate usual dietary intake.
NHANES uses the 24-h recall rather than the FFQ to
capture food intake. This study attempted to replicate
the methods from previous studies that used the 24-h
dietary recalls to compute the HEI-2010 and AHEI-2010
scores from NHANES [7, 25, 26, 42, 43]. NHANES is
currently considered to be the best source of valid and
reliable data on dietary intake.
Additionally, there is inconsistency in modeling deci-
sions and specification when examining the association
between diet and disease (i.e., T2DM). In epidemiology,
some studies attempt to specify models that are parsi-
monious while other studies control for a large number
of variables. When variables are intercorrelated (as so-
cioeconomic and demographic characteristics often
are), this can lead to multicollinearity if multiple vari-
ables are entered into the model. In the present study,
the AHEI-2010 score did not provide any improvement
over the HEI-2010 in terms of predicting or explaining
T2DM (and prediabetes) after adjusting for potential
covariates. A possible reason is the interrelationships
among the covariates that are included in the multivari-
ate models (i.e., health markers and lifestyle character-
istics). For instance, smoking status was significantly
associated with physical activity, body size (as measured
by WC), and presence of comorbidities (as measured
by total comorbidity score). Also, dietary quality (using
the total HEI-2010 and AHEI-2010 scores) seemed to
be related to the other predictors, which makes it diffi-
cult to construct a definitive model that determines the
effect of dietary quality alone in relation to diabetes sta-
tus. The predicted probabilities suggest that the models
specified for only the HEI-2010 and AHEI-2010 scores
(total and sub-components) classified the least percent-
age of the sample correctly (about 52% correct classifi-
cation) with respect to diabetes status compared to the
other factors (i.e., sociodemographics, health markers).
Classification of diabetes status did not improve when
adding more variables to the models possibly because
of the interrelationships among the variables. In
addition, the percentage of false negative (i.e., when re-
sults indicate a person does not have the disease but
actually does have the disease) increases when adding
more variables to the models. Therefore, the true pre-
dictive value of dietary quality (using HEI-2010 and
AHEI-2010) is not observed in relation to diabetes sta-
tus. Diet is a complex exposure variable. There are nu-
merous factors that influence diet, which in turn can
have an impact on disease development (i.e., T2DM).
This calls for more consistency in model specification,
and maybe alternative approaches, to examine the rela-
tionship between diet and disease.
Table 5 Association between total AHEI-2010 score and Health Markers in U.S. adults (Age ≥ 20, N = 4097)
Health Markers (n) AHEI-2010 Quartiles p trend
Quartile 1 (n = 990) Quartile 2 (n = 1003) Quartile 3 (n = 1062) Quartile 4 (n = 1042)
LSM ± SE LSM ± SE LSM ± SE LSM ± SE
aBMI (kg/m2) 4097 29.9 ± 0.2 29.2 ± 0.3 29.1 ± 0.2 27.9 ± 0.3 0.0011*
aWC (cm) 4019 101.8 ± 0.5 100.7 ± 0.6 99.4 ± 0.6 96.9 ± 0.7 0.0003*
aTotal cholesterol (mg/dl) 4070 199.3 ± 1.8 197.1 ± 1.6 197.8 ± 1.6 194.4 ± 1.4 0.1790*
bHDL cholesterol (mg/dl) 4070 51.6 ± 0.7 52.1 ± 0.5 53.8 ± 0.6 55.5 ± 0.6 <. 0001*
aLDL cholesterol (mg/dl) 3990 119.7 ± 1.6 118.6 ± 1.3 116.8 ± 1.3 113.6 ± 1.3 0.0406
aTG (mg/dl) 4066 148.0 ± 5.1 134.4 ± 2.7 136.1 ± 3.1 125.9 ± 3.8 <. 0001*
aTG / HDL cholesterol Ratio 4066 3.5 ± 0.2 2.9 ± 0.07 3.1 ± 0.1 2.9 ± 0.2 <. 0001*
cCRP (mg/dl) 4086 0.4 ± 0.03 0.4 ± 0.03 0.4 ± 0.02 0.4 ± 0.02 0.0054*
cInsulin (uU/mL) 3958 13.9 ± 0.3 13.4 ± 0.3 13.2 ± 0.4 12.7 ± 0.2 0.0940*
cMean SBP (mm Hg) 3928 122.7 ± 0.5 122.8 ± 0.6 121.8 ± 0.6 120.6 ± 0.5 0.0109
cMean DBP (mm Hg) 3928 68.1 ± 0.6 68.9 ± 0.5 68.3 ± 0.6 69.2 ± 0.5 0.4184
aComorbidity Score 4097 2.3 ± 0.09 2.1 ± 0.09 2.0 ± 0.09 1.9 ± 0.09 <.0001
Values are least square means ± standard error of the mean (SE). Bonferroni correction (< 0.05/11 health markers), P < 0.005
Highest total AHEI-2010 score was compared to the lowest total AHEI-2010 (quartile 4 vs. quartile 1) to represent dietary quality. Mean blood pressure (systolic
and diastolic) was calculated based on the average of the first three systolic BP readings of the participants while being examined at the MEC. The fourth reading
was not included because of missing values. Co-morbidity score was calculated as the sum of self-reported presence of physician-diagnosed comorbidities that
tend to co-occur with type 2 diabetes
Abbreviations: AHEI-2010 Alternate Healthy Eating Index 2010, LSM Least-Square Means, BMI Body Mass Index, WC Waist Circumference, TC Total Cholesterol, HDL-C
High density Lipoprotein Cholesterol, LDL-C Low density Lipoprotein Cholesterol, TG Triglycerides, CRP C-reactive protein
aAdjusted for age, sex, ethnicity, smoking status, PIR, physical activity, and energy intake
bAdjusted for age, sex, ethnicity, smoking status, Poverty-to-Income Ratio, physical activity, energy intake, and BMI
cAdjusted for age, sex, ethnicity, smoking status, Poverty-to-Income Ratio, physical activity, energy intake, BMI and WC
*Nontransformed LSMs were presented with p-values associated with the variables after log-transformation for normality. Health markers that were log-transformed
include BMI, WC, TC, HDL-C, TG, CRP, and Insulin. P-value is not significant for CRP without log-transformation. Bolded values are significantly different p < 0.01
Al-Ibrahim and Jackson Nutrition Journal           (2019) 18:26 Page 13 of 18
Both the HEI-2010 and AHEI-2010 scores indicated
that U.S. adults need improvement in dietary pattern
(mean total HEI-2010 score = 47.3 ± 0.4; mean total
AHEI-2010 score = 38.2 ± 0.4). Adults with diabetes ap-
peared to have more healthful dietary patterns (as shown
by higher total scores) compared to adults with predia-
betes and nondiabetes. It is likely that participants with
diabetes are receiving more regular health care than
other groups. Participants with diabetes (diagnosed) with
regular doctor visits are more closely followed and receive
nutrition counseling and are taught self-management
skills to improve their health.
The HEI-2010 and AHEI-2010 individual food and nu-
trient component scores are clinically important because
they can provide more insight about dietary quality, which
would allow more flexibility to tailor dietary intervention
among individuals with diabetes. This study found statisti-
cally significant differences in the sub-component
HEI-2010 and AHEI-2010 scores across diabetes status
(Tables 2 and 3). Some of the food and nutrient groups in
the HEI-2010 and AHEI-2010 were aligned with one an-
other in terms of protein and carbohydrate intake. For ex-
ample, adults with diabetes had the highest intake of total
protein foods (corresponding to highest score) in the
HEI-2010 (Table 2), which was consistent with their hav-
ing the highest intake of red and/or processed meat
(corresponding to lowest score) in the AHEI-2010
(Table 3). Similarly, adults with diabetes had the lowest in-
take of empty calories (corresponding to highest score) in
the HEI-2010 (Table 2), which was consistent with their
having the lowest intakes of alcohol (corresponding to
lowest score) and sugar-sweetened beverages and fruit
juice (corresponding to highest score) in the AHEI-2010
(Table 3). In terms of clinical relevance, it seems that
adults with diabetes are consuming food groups that are
higher in protein and lower in carbohydrates and fats than
other groups.
A possible explanation is that individuals with T2DM
receive regular care and are counseled to avoid consuming
excessive carbohydrates. As part of diabetes self-manage-
ment, they are being taught to monitor their carbohydrate
intake through carbohydrate counting, or “carb counting,”
which is a meal planning technique for managing blood
glucose levels in balance with medication or insulin intake
and physical activity [31]. In addition, individuals with
T2DM are more likely to consume a low-fat diet as rec-
ommended by the American Diabetes Association (ADA)
and American Heart Association [31, 44]. As a result, the
decrease in carbohydrate or fat intakes involves a compen-
satory increase in protein intake.
High protein diets such as the Atkins, South Beach,
and Paleo diets are recommended weight reduction
Table 6 Association between Diabetes Status and Health Markers in U.S. adults (Age ≥ 20 years)
Health Markers (n) Diabetes Status ap-value
Nondiabetes (n = 1436) Prediabetes (n = 1905) Diabetes (n = 715)
LSM ± SE LSM ± SE LSM ± SE
aBMI (kg/m2) 4056 26.7 ± 0.2 29.6 ± 0.2 32.8 ± 0.4 <.0001*
aWC (cm) 3978 93.9 ± 0.6 100.9 ± 0.4 108.8 ± 0.9 <.0001*
aTotal cholesterol (mg/dl) 4029 197.6 ± 1.5 201.9 ± 1.0 181.1 ± 2.5 <.0001*
bHDL cholesterol (mg/dl) 4029 55.5 ± 0.5 52.9 ± 0.5 49.3 ± 0.6 <.0001*
aLDL cholesterol (mg/dl) 3952 117.3 ± 1.0 122.1 ± 0.9 101.3 ± 1.8 <.0001
aTG (mg/dl) 4025 116.9 ± 2.8 139.2 ± 2.7 168.8 ± 8.3 <.0001*
aTG / HDL cholesterol Ratio 4025 2.3 ± 0.08 3.2 ± 0.1 4.5 ± 0.3 <.0001
bCRP (mg/dl) 4045 0.4 ± 0.01 0.4 ± 0.03 0.4 ± 0.02 0.2205
cInsulin (uU/mL) 3918 11.1 ± 0.3 14.1 ± 0.3 15.9 ± 0.7 <.0001*
cMean SBP (mm Hg) 3888 120.0 ± 0.4 122.4 ± 0.5 124.9 ± 1.1 <.0001
cMean DBP (mm Hg) 3888 67.8 ± 0.7 69.4 ± 0.4 68.0 ± 0.7 0.0155
aComorbidity Score 4056 1.7 ± 0.09 2.0 ± 0.09 3.0 ± 0.1 <.0001
Values are least square means ± standard error of the mean (SE). Bonferroni correction (< 0.05/12 health markers), P < 0.004
Mean blood pressure (systolic and diastolic) was calculated based on the average of the first three systolic BP readings of the participants while being examined
at the MEC. The fourth reading was not included because of missing values. Co-morbidity score was calculated as the sum of self-reported presence of physician-
diagnosed comorbidities that tend to co-occur with type 2 diabetes
Abbreviations: LSM Least-Square Means, BMI Body Mass Index, WC Waist Circumference, TC Total Cholesterol, HDL-C High density Lipoprotein Cholesterol, LDL-C
Low density Lipoprotein Cholesterol, TG Triglycerides, CRP C-reactive protein
aAdjusted for age, sex, ethnicity, smoking status, Poverty-to-Income Ratio, physical activity, and energy intake
bAdjusted for age, sex, ethnicity, smoking status, Poverty-to-Income Ratio, physical activity, energy intake, and BMI
cAdjusted for age, sex, ethnicity, smoking status, Poverty-to-Income Ratio, physical activity, energy intake, BMI and WC
*Nontransformed LSMs were presented with p-values associated with the variables after log-transformation for normality. Health markers that were log-
transformed include BMI, WC, TC, HDL-C, TG, CRP, and Insulin. Bolded values are significantly different p < 0.01
Al-Ibrahim and Jackson Nutrition Journal           (2019) 18:26 Page 14 of 18
methods because protein reduces hunger, improves sati-
ety, and increases thermogenesis [45]. Also, when com-
bined with a reduction in calories, high protein diets
enhance weight reduction while maintaining lean muscle
mass [45]. Several studies have shown the benefits of a
modest increase in dietary protein intake among individ-
uals with diabetes with normal renal function [46–48].
Higher dietary protein consumption has a favorable
effect on CVD risk factors among individuals with
T2DM. It is associated with reduction in HbA1c, total
serum cholesterol, LDL cholesterol, triglycerides, blood
pressure, and C-reactive protein. It is also associated
with an increase in HDL cholesterol [46–48]. In clinical
practice, T2DM patients affected by overweight and
obesity and have normal renal function are often advised
to increase absolute protein intake to 1.5–2 g/kg of body
weight (or 20–30% of total caloric intake) during weight
reduction [45]. However, the ADA recommends that
dietary protein not exceed between 1 and 1.5 g/kg of
body weight (or 15–20% of total caloric intake) [31].
Despite the potential health benefits, high protein intake
may have adverse long-term effects on renal function in
individuals with diabetes (as well as in healthy
individuals).
The present study demonstrated that adults with
diabetes consumed less sugar and alcohol compared to
adults with prediabetes and nondiabetes. The
HEI-2010 and AHEI-2010 differ in how they assess the
intakes of sugar and alcohol in the diet. In HEI-2010,
sugar and alcohol intake were summed and counted as
empty calories. Empty calories are composed of all cal-
ories from solid fats, added sugars, and alcohol intake
beyond a moderate level (more than 13 g /1000 cal). In
the AHEI-2010, sugar and alcohol are considered to be
separate categories. Additionally, AHEI-2010 considers
moderate alcohol intake (Male: 0.5–2.0 drinks/day; Fe-
male: 0.5–1.5 drinks/day) as part of a healthful dietary
pattern. This means that individuals with moderate al-
cohol intake received higher scores than non-drinkers
(10 points versus 2.5 points). This method of scoring
severely penalized nondrinkers, especially for individ-
uals with diabetes. In this sample, the percentage of in-
dividuals with alcohol component scores above 2.5
points (drinkers) was approximately 7.7% for individ-
uals with nondiabetes, 7.9% for individuals with predi-
abetes, and 1.0% for individuals with diabetes. This is
likely to be due to the nutrition education and coun-
seling that is typically provided to individuals diag-
nosed with diabetes (T2DM). As part of diabetes
self-management, the ADA recommends that individ-
uals with diabetes (both type 1 and type 2) reduce or
minimize alcohol consumption [31], because alcohol
intake (especially on an empty stomach) lowers blood
glucose and causes hypoglycemia. In addition, many
alcoholic beverages contain added sugars, which can
lead to excess calories and elevated triglycerides, in-
creasing the risk of heart disease [31]. In this sample,
adults with diabetes seemed to minimize alcohol or
not drink it at all, which is consistent with diabetes
self-management. This suggests that the HEI-2010
may be a better tool for assessing diet quality than the
AHEI-2010 for individuals with T2DM.
Table 7 Classification of Diabetes Status among U.S. adults
(Age≥ 20 years) using Predicted Probabilities
Models % correctly classified % false positive % false negative
1 65.1 24.2 10.7
2 63.3 7.0 29.6
3 53.9 42.1 4.0
4 54.6 40.5 4.9
5 51.9 48.1 0
6 51.9 47.9 0.1
7 51.9 47.9 0.1
8 63.7 6.2 30.2
9 63.6 6.1 30.3
10 63.7 6.1 30.3
a11 51.9 47.9 0.2
b12 52.7 44.8 2.5
c13 52.9 44.5 2.6
14 63.5 6.3 30.2
15 63.5 6.2 30.3
16 63.6 6.1 30.3
Values are percentages
Diabetes status was recoded as a binary outcome. False negative is when the
predicted probability of having diabetes/prediabetes wrongly classifies diabetes/
prediabetes as the nonevent. False positive is when the predicted probability of
having diabetes/prediabetes wrongly classifies diabetes/prediabetes as the event
Model 1 = Sociodemographics (age, sex, ethnicity, Poverty-to-Income Ratio,
self-reported health)
Model 2 = Health Markers (Comorbidity Score, mean systolic BP, WC,
LDL-C, HDL-C)
Model 3=Health Behaviors (total HEI-2010 score+physical activity + smoking status)
Model 4=Health Behaviors (total AHEI-2010 score+physical activity + smoking status)
Model 5 = Total HEI-2010 score
Model 6 = Total AHEI-2010 score
Model 7 = Modified Total AHEI-2010 score (no alcohol penalty)
Model 8 = Model 1 + Model 2 + Total HEI-2010 score
Model 9 = Model 1 + Model 2 + Total AHEI-2010 score
Model 10 =Model 1 +Model 2 +Modified Total AHEI-2010 score (no alcohol penalty)
Model 11 = HEI-2010 components
Model 12 = AHEI-2010 components
Model 13 = AHEI-2010 components (no alcohol penalty)
Model 14 = Model 1 + Model 2 + HEI-2010 components
Model 15 = Model 1 + Model 2 + AHEI-2010 components
Model 16 = Model 1 + Model 2 + AHEI-2010 components (no alcohol penalty)
Abbreviations: BP Blood Pressure, WC Waist Circumference, LDL-C Low density
Lipoprotein Cholesterol, HDL-C High density Lipoprotein Cholesterol, HEI-2010
Healthy Eating Index 2010, AHEI-2010 Alternate Healthy Eating Index 2010
aSelected HEI-2010 components that are significantly associated with diabetes
status (total protein foods, refined grains, sodium, empty calories)
bSelected AHEI-2010 components that are significantly associated with diabetes status
(sugar-sweetened beverages and fruit juice, red/processed meat, alcohol, sodium)
cReplaced the original scoring of alcohol as 2.5 for nondrinkers with a
modified scoring of alcohol as zero for nondrinkers (no alcohol penalty)
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The present study found a significant linear trend be-
tween HEI-2010 and AHEI-2010 quartiles and some of
the health markers (Tables 4 and 5). For example, there
was a significant decrease in BMI, WC, and triglycerides
with increasing total HEI-2010 and AHEI-2010 scores
(Tables 4 and 5). These findings are also clinically im-
portant because these health markers are negatively in-
fluenced by consuming a healthy diet (i.e., whole grains,
fruits, vegetables, nuts and legumes). In clinical practice,
individuals (especially for diabetes) are often advised to
make dietary changes, and compliance to a healthful
dietary pattern can lead to improvement in anthropomet-
ric or metabolic outcomes. However, there was no differ-
ence in CRP levels across HEI-2010 and AHEI-2010
quartiles, which makes the clinical relevance of this health
marker to be less clear. Contrary to the present study, pre-
vious studies have shown significant inverse association
between CRP levels and dietary patterns [51, 52]. Smido-
wicz and Regula (2015) conducted a systematic review on
the role of diet in reducing inflammation and thereby
decreasing the risk of chronic disease [52]. The review fo-
cused on the effects of several dietary patterns (i.e., Medi-
terranean diet, DASH diet, low-fat vs. low-carbohydrate)
in relation to inflammatory markers (CRP and IL-6) [52].
Based on the review of the research, the authors con-
cluded that it is difficult to determine which dietary pat-
tern is optimal for reducing inflammation. The
relationship between inflammation and diet is complex
since inflammatory response is often triggered by the cu-
mulative effect of dietary and other factors [52].
Despite the differences in construction of these indices
to assess diet, both the HEI-2010 and AHEI-2010 have
similar components of a healthful dietary pattern. Over-
all, the pillars of a healthy diet include higher intakes of
fruits, vegetables, whole grains, nuts, legumes, unsatur-
ated fats (i.e., PUFA), and lower intakes of sodium, sugar
(i.e., sugar-sweetened beverages) and red and processed
meats [49]. Currently, the DGA 2015 does not recom-
mend adherence to a single diet plan to achieve healthy
eating patterns, but recommends instead that individuals
consume specific food groups that are healthful [50].
Similarly, the ADA recommends that individuals with
diabetes consume from various food groups that are
high in fiber (i.e., whole grains, vegetables) and avoid
foods and/or beverages that contain added sugars to
meet metabolic goals such as glucose, HbA1c, lipid
levels, and blood pressure [31].
Strengths and limitations
Strengths of this study include the use of a large, nation-
ally representative sample of U.S. adults with reliable es-
timates of dietary intake. Therefore, the findings are
generalizable and have implications for the development
of effective policies to improve health and/or disease
outcomes. NHANES is the only national survey that cur-
rently provides complete dietary intake through utilizing
the AMPM to screen 24-h dietary recalls that are valid
and reliable. NHANES has a long history of collecting
nutrition data (since the 1960s) and continues to incorp-
orate improvements to refine their dietary methodology.
However, this study also has some limitations: First,
NHANES is a cross-sectional study design and therefore,
the results cannot support causal inferences about the
relationships between HEI-2010 and AHEI-2010 and
diabetes status. Second, this study used a single 24-h
dietary recall to calculate the HEI-2010 and AHEI-2010
scores, which may not reflect individuals’ habitual or
usual intake. In addition, the 24-h recall may be subject
to measurement error because it relies on participants’
ability to recall and accurately self-report dietary intake,
which may lead to under- or over- reporting. Lastly,
NHANES does not explicitly collect information on the
type of diabetes (i.e., T1DM or gestational), which may
lead to misclassification. However, this study used the
available information in NHANES to construct a dia-
betes classification variable based on using a combin-
ation of self-reported and laboratory measured attributes
to minimize misclassification.
Conclusion
In conclusion, HEI-2010 and AHEI-2010 were used as
predictors of T2DM, and neither was significant, either
alone or in combination with sociodemographic charac-
teristics, health markers, and lifestyle behaviors. However,
there were some significant differences in the means of
the sub-component HEI-2010 and AHEI-2010 scores by
diabetes status. In addition, there were significant positive
relationships between the HEI-2010 and AHEI-2010
scores and health markers. Individuals with higher total
HEI-2010 and AHEI-2010 scores had better health marker
values compared to those with lower diet quality scores.
Although total HEI-2010 and AHEI-2010 were not signifi-
cant predictors of T2DM as expected, the role of diet
should not be dismissed as a potential factor in the devel-
opment of T2DM. There are factors that point to a role of
diet in the development of T2DM: the significant differ-
ences in means of health markers across HEI-2010 and
AHEI-2010 scores, and the significant differences in
means of health markers (i.e., BMI, WC, total cholesterol,
HDL, LDL, TG, insulin, blood pressure, comorbidity
score) by diabetes status. These findings indicate that diet
has some influence on T2DM development, leading to the
conclusion that better tools are needed to assess dietary
intake in persons with diabetes and to better understand
the role of diet in T2DM risk.
The main finding of the present study is that diet alone
did not have strong predictive ability with respect to
T2DM. Neither the HEI-2010 nor the AHEI-2010
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performed better than sociodemographics alone as predic-
tors of T2DM. Some sociodemographic characteristics are
likely to be associated with genetic differences. This study
was not able to assess the impact of genetics, but there
has been some recent research investigating the role of
genetic factors in the development of T2DM, but this area
of inquiry is still in its early stages [53, 54]. In addition,
the HEI-2010 and AHEI-2010 were not specifically de-
signed as tools to assess dietary quality in diabetics. Future
research is needed to develop an index based on relevant
dietary components that contribute to T2DM. This will
provide better utility for dietary assessment in adults with
diabetes in clinical and community settings.
Endnotes
1Personal communication with Dr. Joseph Goldman, who
is a biostatistician at Food Surveys Research Group, Agri-
cultural Research Service, USDA. 10,300 Baltimore Ave.
Bldg. 005, Room 102, BARC-West Beltsville, MD 20705
Additional file
Additional file 1: Table S1. Association between total HEI-2010 score
and Diabetes Status in adults (Age ≥ 20, n = 3632) using Multinomial
Logistic Regression. Table S2. Association between total AHEI-2010 score
and Diabetes Status in U.S. adults (Age ≥ 20, n = 3617) using Multinomial
Logistic Regression. (DOCX 25 kb)
Abbreviations
AHEI-2010: Alternate Healthy Eating Index 2010; BP: Blood Pressure; HDL-C: High
density Lipoprotein Cholesterol; HEI-2010: Healthy Eating Index 2010; LDL-
C: Low density Lipoprotein Cholesterol; NHANES: National Health and Nutrition
Examination Survey; T2DM: Type 2 diabetes mellitus; WC: Waist Circumference
Acknowledgments
The authors would like to thank Dr. Joseph D. Goldman for his feedback and
eagerness to answer any questions related to the dietary data of NHANES.
Funding
Not Applicable.
Availability of data and materials
The NHANES datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.
Authors’ contributions
AA did the analyses and interpretation and drafted the manuscript. RJ reviewed
the manuscript and collaborated on the intellectual conception and interpretation
of the research. All authors approved the final version of the present manuscript.
Ethics approval and consent to participate
The Centers for Disease Control and Prevention and the Research Ethics Review
Board at the National Center for Health Statistics conducted the consents and




The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Received: 29 September 2018 Accepted: 27 March 2019
References
1. Green LW, Brancati FL, Albright A. The primary prevention of diabetes
working group. Primary prevention of type 2 diabetes: integrative public
health and primary care opportunities, challenges and strategies. Fam Pract.
2012;29:i13–23 Available from: https://academic.oup.com/fampra/article-
lookup/doi/10.1093/fampra/cmr126.
2. Chaudhury A, Duvoor C, Reddy Dendi VS, Kraleti S, Chada A, Ravilla R, Marco
A, Shekhawat NS, Montales MT, Kuriakose K, et al. Clinical review of
antidiabetic drugs: implications for type 2 diabetes mellitus management.
Front Endocrinol. 2017;8:6 Available from: http://journal.frontiersin.org/
article/10.3389/fendo.2017.00006/full.
3. Centers for Disease Control and Prevention. National Diabetes
Statistics Report, 2014 estimates of diabetes and its burden in the
epidemiologic estimation methods: US Department of Health and
Human Services, (Cdc); 2014. p. 2009–12. https://doi.org/10.1177/
1527154408322560. Accessed 5 May 2018.
4. Wu P-Y, Huang C-L, Lei W-S, Yang S-H, Wirt A, Collins CE. Diet quality: what
is it and does it matter? Public Health Nutr. 2016;29(3):2473–92 https://doi.
org/10.1111/jhn.12317.
5. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, Das
SR, de Ferranti S, Després J-P, Fullerton HJ, et al. Heart disease and stroke
statistics—2016 update. Circulation. 2015;133:e38–e360. https://doi.org/10.
1161/CIR.0000000000000350.
6. Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular
disease in type 2 diabetes: a systematic literature review of scientific
evidence from across the world in 2007–2017. Cardiovasc Diabetol. 2018;17
Available from: https://cardiab.biomedcentral.com/articles/10.1186/s12933-
018-0728-6. Accessed 26 Jan 2019.
7. Wang DD, Leung CW, Li Y, Ding EL, Chiuve SE, Hu FB, Willett WC.
Trends in dietary quality among adults in the United States, 1999
through 2010. JAMA Intern Med. 2014;174(10):1587–95 https://doi.org/
10.1001/jamainternmed.2014.3422.
8. Patricia M.Guenther, Kellie O.Casavale(2014). Updpate of healthy
eating Index : HEI-2010. J Acad Nur Diet, 113(4), 1–20. https://doi.org/
10.1016/j.jand.2012.12.016
9. Willett W. Nutritional Epidemiology. 3rd ed. Oxford; New York: Oxford
University Press; 2012.
10. Bernstein AM, Bloom DE, Rosner BA, Franz M, Willett WC. Relation of food
cost to healthfulness of diet among US women. Am J Clin Nutr. 2010;92(5):
1197–203 https://doi.org/10.3945/ajcn.2010.29854.
11. McCullough ML, Feskanich D, Stampfer MJ, Giovannucci EL, Rimm EB, Hu FB,
et al. Diet quality and major chronic disease risk in men and women: moving
toward improved dietary guidance. Am J Clin Nutr. 2002;76(6):1261–71.
12. Chiuve, S. E., Fung, T. T., Rimm, E. B., Hu, F. B., Mccullough, M. L., Wang, M.,…
Willett, W. C. (2012). Alternative dietary indices both strongly predict risk of chronic
disease 1–3. J Nutr, 142(C), 1009–1018. https://doi.org/10.3945/jn.111.157222.
Accessed 23 Mar 2015.
13. Developing the Healthy Eating Index Epidemiology and Genomics Research
Program. 2018. Available from: https://epi.grants.cancer.gov/hei/developing.
html. [cited 2019 Feb 18]
14. Fung TT, Mccullough M, Van Dam RM, Hu FB. A prospective study of overall
diet quality and risk of type 2 diabetes in women. Diabetes Care. 2007;30(7):
1753–7 https://doi.org/10.2337/dc06-2581.
15. De Koning L, Chiuve SE, Fung TT, Willett WC, Rimm EB, Hu FB. Diet-quality
scores and the risk of type 2 diabetes in men. Diabetes Care. 2011;34(5):
1150–6 https://doi.org/10.2337/dc10-2352.
16. Qiao Y, Tinker L, Olendzki BC, Hébert JR, Balasubramanian R, Rosal MC, et al.
Racial/ethnic disparities in association between dietary quality and incident
diabetes in postmenopausal women in the United States: the Women’s
health initiative 1993-2005. Ethnicity Health. 2014;19(3):328–47 https://doi.
org/10.1080/13557858.2013.797322.
17. Jacobs S, Harmon BE, Boushey CJ, Morimoto Y, Wilkens LR, Le Marchand L,
et al. A priori-defined diet quality indexes and risk of type 2 diabetes: the
Al-Ibrahim and Jackson Nutrition Journal           (2019) 18:26 Page 17 of 18
multiethnic cohort. Diabetologia. 2015;58(1):98–112 https://doi.org/10.1007/
s00125-014-3404-8.
18. Schwingshackl L, Hoffmann G. Diet quality as assessed by the healthy
eating index, the alternate healthy eating index, the dietary approaches to
stop hypertension score, and health outcomes: a systematic review and
meta-analysis of cohort studies. J Acad Nutr Diet. 2015;115(5):780–800.
19. NHANES - About the National Health and Nutrition Examination
Survey. https://www.cdc.gov/nchs/nhanes/about_nhanes.htm.
Accessed 12 May 2018.
20. Curtin LR, Mohadjer LK, Dohrmann SM. National Health and nutrition
examination Survey : sample design, 2007 – 2010. Vital Health
Statistics. 2010;160(2):1–32.
21. NHANES - NHANES Participants - Eligible Participants. https://www.cdc.gov/
nchs/nhanes/participant-eligibility.htm. Accessed 12 May 2018.
22. University of Maryland. IRB Exempt Categories. https://research.umd.edu/
irbprocess#Definitions. Accessed 4 Mar 2019.
23. Centers for Disease Control and Prevention. (2008). MEC In-Person Dietary
Interviewers Procedures Manual. Retrieved from https://www.cdc.gov/nchs/
data/nhanes/nhanes_07_08/manual_dietarymec.pdf.
24. United States Department of Agriculture. Center for Nutrition Policy and
Promotion. (2013). https://origin.www.cnpp.usda.gov/
HealthyEatingIndexSupportFiles0708.htm. Accessed 17 May 2018.
25. Leung CW, Ding EL, Catalano PJ, Villamor E, Rimm EB, Willett WC.
Dietary intake and dietary quality of low-income adults in the
supplemental nutrition assistance program. Am J Clin Nutr. 2012;96(5):
977–88 https://doi.org/10.3945/ajcn.112.040014.
26. Leung CW, Epel ES, Ritchie LD, Crawford PB, Laraia BA. Food insecurity is
inversely associated with diet quality of lower-income adults. J Acad Nutr
Diet. 2014;114(12):1943–53 https://doi.org/10.1016/j.jand.2014.06.353.
27. Varraso R, Chiuve SE, Fung TT, Barr RG, Hu FB, Willett WC, Camargo CA.
Alternate healthy eating index 2010 and risk of chronic obstructive
pulmonary disease among US women and men: prospective study. Bmj.
2015;350:h286 https://doi.org/10.1136/bmj.h286.
28. Ahuja JK, Montville JB, Omolewa-Tomobi G, Heendeniya KY, Martin CL,
Steinfeldt LC, et al. The USDA Food and Nutrient Database for Dietary Studies,
5.0–Documentation and User Guide. Beltsville: US Department of Agriculture,
Agricultural Research Service, Food Surveys Research Group; 2012.
29. Jarvandi S, Davidson NO, Jeffe DB, Schootman M. Influence of lifestyle
factors on inflammation in men and women with type 2 diabetes: results
from the National Health and nutrition examination survey, 1999–2004. Ann
Behav Med. 2012;44(3):399–407 https://doi.org/10.1007/s12160-012-9397-y.
30. Demmer RT, Zuk AM, Rosenbaum M, Desvarieux M. Prevalence of
diagnosed and undiagnosed type 2 diabetes mellitus among US
adolescents: results from the continuous NHANES, 1999-2010. Am J
Epidemiol. 2013;178(7):1106–13 https://doi.org/10.1093/aje/kwt088.
31. American Diabetes Association (ADA). Standard of medical care in diabetes -
2017. Diabetes Care. 2017;40(sup 1):s4–s128 https://doi.org/10.2337/dc17-S001.
32. MEC Interviewers Procedures Manual. (2009) (p. 626). http://www.cdc.gov/
nchs/data/nhanes/nhanes_09_10/MECInterviewers.pdf. Accessed 16 May 2018.
33. Anthropometry Procedures Manual. Nhanes; 2009. p. 1–120.
34. Laboratory Procedures Manual. (2009). Accessed 16 May 2018.
35. National Center for Health Statistics (U.S.). National health and nutrition
examination survey. Sample design, 2007–2010. Hyattsville: U.S. Department
of Health and Human Services, Centers for Disease Control and Prevention,
National Center for Health Statistics; 2013.
36. Health Tech / Blood Pressure Procedures Manual. (2009). Blood pressure
37. Loprinzi PD. Factors influencing the disconnect between self-
perceived health status and actual health profile: implications for
improving self-awareness of health status. Prev Med. 2015;73:37–9
https://doi.org/10.1016/j.ypmed.2015.01.002.
38. Lin P, Kent DM, Winn AN, Cohen JT, Neumann PJ. Multiple chronic
conditions in type 2 diabetes mellitus: prevalence and consequences. Am J
Manag Care. 2015;21(1):e23–34.
39. Fagerland MW, Hosmer DW. A goodness-of-fit test for the
proportional odds regression model. Stat Med. 2013;32(13):2235–49
https://doi.org/10.1002/sim.5645.
40. Huffman FG, Zarini GG, Mcnamara E, Nagarajan A. The healthy eating index
and the alternate healthy eating index as predictors of 10-year CHD risk in
Cuban Americans with and without type 2 diabetes. Public Health Nutr.
2011;14(11):2006–14 https://doi.org/10.1017/S1368980011001054.
41. Huffman FG, De La Cera M, Vaccaro JA, Zarini GG, Exebio J, Gundupalli D, Shaban
L. Healthy eating index and alternate healthy eating index among Haitian
Americans and African Americans with and without type 2 diabetes. J Nutr
Metab. 2011;2011 https://doi.org/10.1155/2011/398324. Accessed 23 Mar 2015.
42. Nicklas TA, O’Neil CE, Fulgoni VL 3rd. Snacking patterns, diet quality, and
cardiovascular risk factors in adults. BMC Public Health. 2014;14:388 https://
doi.org/10.1186/1471-2458-14-388. Accessed 23 Mar 2015.
43. Agarwal S, Fulgoni VL, Berg EP. Association of lunch meat consumption
with nutrient intake, diet quality and health risk factors in U.S. children and
adults: NHANES 2007–2010. Nutr J. 2015;14(1) https://doi.org/10.1186/
s12937-015-0118-9. Accessed 17 Feb 2016.
44. Sacks, F. M., Lichtenstein, A. H., Wu, J. H. Y., Appel, L. J., Creager, M. A., Kris-
Etherton, P. M.,… van Horn, L. V. (2017). Dietary Fats and Cardiovascular Disease:
A Presidential Advisory From the American Heart Association. Circulation, (Cvd).
https://doi.org/10.1161/CIR.0000000000000510. Accessed 17 Feb 2016.
45. Hamdy O, Horton ES. Protein content in diabetes nutrition plan. Curr Diab Rep.
2011;11(2):111–9 https://doi.org/10.1007/s11892-010-0171-x. Accessed 9 May 2018.
46. Parker B, Noaks M, Luscombe N, Clifton P. High – monounsaturated fat
weight loss diet on glycemic control and lipid levels in type 2 diabetes.
Diabetes Care. 2002;25(3):425–30 https://doi.org/10.2337/diacare.25.3.425.
47. Brinkworth GD, Noakes M, Parker B, Foster P, Clifton PM. Long-term
effects of advice to consume a high-protein, low-fat diet, rather than a
conventional weight-loss diet, in obese adults with type 2 diabetes:
one-year follow-up of a randomised trial. Diabetologia. 2004;47(10):
1677–86 https://doi.org/10.1007/s00125-004-1511-7.
48. Hamdy O, Carver C. The why WAIT program: improving clinical outcomes
through weight management in type 2 diabetes. Curr Diab Rep. 2008;8(5):
413–20 Retrieved from https://www.ncbi.nlm.nih.gov/pubmed/18778592.
49. Cespedes EM, Bhupathiraju SN, Li Y, Rosner B, Redline S, Hu FB. Long-term
changes in sleep duration, energy balance and risk of type 2 diabetes.
Diabetologia. 2016;59(1):101–9 https://doi.org/10.1007/s00125-015-3775-5.
50. USDA & DHHS. (2015). Scientific report of the dietary guidelines
advisory committee. Retrieved from https://health.gov/
dietaryguidelines/2015-scientific-report/.
51. Park KH, Zaichenko L, Peter P, Davis CR, Crowell JA, Mantzoros CS. Diet
quality is associated with circulating C-reactive protein but not irisin levels
in humans. Metab. 2014;63:233–41 Available from: https://linkinghub.
elsevier.com/retrieve/pii/S0026049513003569.
52. Smidowicz A, Regula J. Effect of nutritional status and dietary
patterns on human serum C-reactive protein and Interleukin-6
concentrations. Adv Nutr. 2015;6:738–47 Available from: https://
academic.oup.com/advances/article/6/6/738/4555147.
53. Lyssenko V, Laakso M. Genetic screening for the risk of type 2 diabetes:
worthless or valuable? Diabetes Care. 2013;36(Supplement_2):S120–6
https://doi.org/10.2337/dcS13-2009.
54. Läll K, Mägi R, Morris A, Metspalu A, Fischer K. Personalized risk prediction
for type 2 diabetes: the potential of genetic risk scores. Genetics Med. 2017;
19(3):322–9 https://doi.org/10.1038/gim.2016.103.
Al-Ibrahim and Jackson Nutrition Journal           (2019) 18:26 Page 18 of 18
